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ABSTRACT

The purpose of this study is to describe the development of
male gametes in two species of red algae, as observed by electron
microscopy.
The general events of male garnetogenesis in Polysiphonia
nigrescens and Dasya baillouviana are similar. Prior to mitosis,
the spermatangial mother cell elongates, and its perinuclear zone
undergoes changes tyoical of the premitotic state. Mitosis was not
observed.
Spermatangia at first resemble undifferentiated cells,
then enter a secretory phase in which large basal vacuoles are pro
duced.
The vacuoles coalesce, and are released at the plasmalemma.
The spermatium is released by rupture of the surrounding wall ma
terial. The soermatium has prominent nuclear pores, condensed chroma
tin, and is surrounded by a mucilage layer.
Several interspecies differences exist in developmental ultrastructure of male gametes. In P. nigrescens, oroolastid— like chloro—
Pi cLS ts are transmitted from mother cells to their daughter soermatangia, while in D. bai1louviana, mother cells contain fully differ
entiated chloroplasts which are usually not transmitted to the sperma—
tangia.
In the latter species, the spermatangial vacuole appears to
be chiefly of dictyosomal origin, while in the former, rough endo
plasmic reticulum is important in vacuole formation.
Spermatangia of
D. baillouviana, have more cytoplasmic polarity, as their mitochondria
and dictyosornes are arranged subjacent to the nuclear envelope during
the secretory phase.
Microtubules are more prominent in spermatangia
of the latter species, although present also in p. nigrescens.
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DEVELOPMENTAL ULTRASTRUCTURE OP SPERMATIA
IN POLYSIPHONTA NIGRESCENS AND DASYA BAILLOUVIANA (RHODOPHYTA)

INTRODUCTION
Algae belonging to the division Rhodophyta are characterized
by the pigments phycoerythrin and phycocyanin, by the presence of
chlorophylls A and D, the latter being unique to red algae, and by
their complex modes of reproduction, including a specialized form of
oogamy in which the male gamete is always without flagella (Drew, 1951?
Fritsch, 1959)*

Phylogenetically the red algae have been considered

the most primitive eucaryotic algae, partially because their chloroplast structure characteristically consists of single thylakoids not
associated in stacks or grana.

However, Me Bride and Cole (19^9) found

stacks of associated thylakoids in Smithora naiadum.
As in other lower eucaryotes, cell division is atypical in the
red algae——at least in the rare instances where it has been observed.
Mitosis is intranuclear#

Microtubules surround the nuclear envelope

during mitosis, as well as penetrating it through nuclear pores at the
poles#

There are no centrioles, although cylindrical structures in

the polar cytoplasm appear to orient the microtubules (Me Donald,
1972; Peyriere, 1971 )•

Cytokinesis occurs by centripetal deposition

of cell wall material to form a septum (Bisalputra, Rusancwski and
Walker, 1967)*

In the Florideophycoae, the major class, a dense "pit

connection"— actually a plug-— seals the center of the septum#

Such

pit connections have also been observed in at least one member of the
minor class, the Bangiophyceae (Lee and Fultz, 1970). Because of
2.

thick cell walls, small nuclear size, and large numbers of small
chromosomes, nuclear cytology has been difficult in the Rhodophyta,
and seems best approached at the ultrastructural level (Dixon, 1970).
Meiosis has not been observed in full; however, Kugrens and West (1972c)
have described synaptinemal complexes in several red algae.
Ultrastructural observations of red algae have included studies
of chloroplasts (see Hara, 1971; Gantt and Conti, 1966, for reviews).
Other workers have studied cell walls (Dawes, Scott and Bowler, 1961;
Bisalputra et al., 1 9 6 7 ), pit connections (reviewed in Ramus, 1 9 6 9 a),
cuticle (Hanic and Craigie, 1 9 6 9 )* and extracellular matrix (Raimis,
1972).
Several workers have studied vegetative ultrastructure, parti
cularly in the Bangiophyceae (Me Bride and Cole, 1969; Bee and Fultz,
1970; Evans, 1970; Nichols, Ridgway and Bold, 1 9 6 6 ).

Work on

Florideophycean vegetative cells includes that of Tripodi (1971a),
as well as Lichtle and Giraud*s (1 9 6 9 ) study of apical cells, and the
study of an alloparasite by Kugrens and West (1973).

In addition,

several dissertations (Brown, 1969? Scott, 1971; and Peyriere-Eboulet,

1 9 7 2 ) have combined ultrastructural observations of rhodophytan vege
tative and reproductive cells.
Studies of the reproductive cells of red algae are of particular
interest.

Such studies may clarify questions relating to phylogeny as

well as life histories.

In addition, investigation of reproductive

cells exemplifies the various ways in which apical cells may differen
tiate, and is thus of developmental significance.

Reproductive cells

which have been studied at the ultrastructural level include tetra—

sporangia and their mother cells (Kugrens and West, 1972b; Scott and
Dixon, 1973a; Peyriere, 1969? 1970)» monospores (Me Bride and Cole,
1971)» and carposporangia (Wetherbee and Wynne, 1973).
The existence of male gametes in the red algae was first sug
gested in 1767, and was confirmed a century later (see Grubb, 1925,
for review.)

As described at the level of light microscopy, soerma—

tangia are produced by mitotic divisions of spermatangial mother cells
on haploid male gametophytes (Grubb, 1925? Fritsch, 1959» Drew, 1951)•
Spermatangia are usually polar cells with an apical nucleus and a
large basal vacuole.

One to four spermatangia can be produced by a

single mother cell, and in many species secondary spermatangia may be
produced following release of the first soermatia.

Spermatia, the

male gametes, are simply the spermatangial protoplasts, which are re
leased from the plant following rupture of the surrounding wall mater
ial.

When carried by currents to a trichogyne, an extension of the

female gametic cell, the spermatium adheres there and fertilization
takes place.
In red algae having a Polysiphonia type of life history (Dixon,
1963), the resulting zygote develops into a diploid stage parasitic
upon the female gametophyte.

The parasitic phase, called a carpo—

sporophyte, releases carpospores which settle, germinate, and give
rise to diploid tetrasporophyte thalli which are morphologically sim
ilar to the gametophytes.

3y meiosis, the tetrasporophytes produce

haploid tetraspores which are released and which germinate into male
or female gametophytes.
The paper of Grubb (19?5) is the most thorough comparative study
of spermatial development at the light microscopic level.

Recently,

analogous studies have been undertaken using the electron microscope.
Chambers ( 1 9 6 6 ) observed a few spermatia of Batrachospermum while
studying the trichogyne of that plant.

A more thorough study of

spermatial development in Batrachospermum was performed by Brown ( 1969)1
using aldehyde fixation.

Spermatium liberation in Ptilota was studied

by Scott and Dixon (1973b).

Simon-Bichard-Breaud (l971» 1972a, 1972b)

observed spermatangia of Bonnemaisonia, but due to fixation only in
osmium, her figures are difficult to interpret.

Peyriere (1971» 1974)

has given a relatively complete description of male gametogenesis in
Griffithsia. and cursory accounts for several other genera.

Spermatan

gial development in two parasitic red algae was studied by Kugrens and
West (1972a).
Because few of the above papers have dealt with the entire se
quence from mother cell to released spermatium, and because conflicting
reports of some events appear to be due to interspecies differences as
well as to problems of fixation, further investigations of male gameto
genesis in the Rhodophyta should be profitable.
from consideration of the literature:

Several questions arise

What is the fate of the chloro—

Pi asts during development of spermatangia?

Does the nuclear envelope

break down at the time of spermatial release, as suggested by some
light microscopists and by Scott and Dixon (19731*)?
of the basal vacuole:

What is the origin

secretion by dictyosomes, by endoplasmic reti

culum, or by a combination of the two?

Are microtubules, reported no

far only in Rhodomela (Peyriere, 1974)*an important feature in other
spermatia as well?

The present study attempts to answer some of these

questions in the course of comparing the developmental morphology of
spermatia in two Florideophyceae.

MATERIALS AND METHODS
The two species studied are free-living, filamentous red algae,
with Polysiphonia-type life histories, after the terminology of Dixon
(1963)*

According to Dixon and Irvine (1970), Dasya pedicellata a

elegans. should properly he called Dasya baillouviana.

D. baillouviana

and Polysiphonia nigrescens belong respectively to the families
Dasyaceae and Rhodomelaceae of the order Ceramiales, class Florideophyceae.
Fertile tips of male plants were collected from sublittoral
waters a few hundred meters west of the York River Bridge at Yorktown,
Virginia.

Specimens were fixed immediately at ambient temperature for

two to three hours in phosphate buffered 4 $ glutaraldehyde, pH 6.6,
containing 1.5 molar sucrose.

Some specimens of P. nigrescens were

cultured for several days before fixation.

Following three 10-minute

rinses in the phosphate buffer, the algae were postfixed for two hours
in phosphate buffered 1$ osmium tetroxide.
15 to 30 minutes in 5

The specimens viere rinsed

aqueous acetone, then left overnight at 4 C in

75$ acetone containing 2% uranyl acetate for improved membrane preser
vation and as an en bloc stain.

Dehydration was completed in a graded

acetone series, ending with two 20-minute rinses in 100$ acetone which
had been stored over molecular seive particles.
Infiltration was achieved by successive 30—minute incubations
in 2:1, 1:1, and 1:2 mixtures of acetone and resin, followed by four
or five days of incubation in pure resin, with daily changes to fresh
resin.

The epon embedding medium was a 2:3 mixture of solutions A and
6.

B after Luft ( 1 9 6 1 ).
Male reproductive filaments were isolated under a dissecting
microscope and were embedded in fresh resin poured into BEEM capsules.
Following three days* hardening at 60 C, the blocks were sectioned on
an LKB Ultratome III, using a diamond knife.

Ultrathin sections were

collected and stained on uncoated one—hole grids, after the method of
Galey and Nilsson (1 9 6 6 ), using lead citrate staining solutions
(Reynolds, 1963; Venable and Coggleshall, 1 9 6 5 ).

After transfer to

formvar— coated grids, the sections were observed and photographed
using a Zeiss EM 9S— 2 electron microscope.

RESULTS
POLYSIPHONIA NIGRESCENS:
In Pol.ysiphonia nigrescens, the spermatia are borne on a branch
modified for reproduction, called a stichidium.
the stichidium is as follows.

The organization of -

By a series of basipetal divisions of

the apical cell, a column of axial cells is formed.

By lateral division

the axial cells of the column give rise to pericentral cells.

However,

the two most apical cells of the column do not divide, but mature di
rectly into typical vegetative cells with large central vacuoles.
Maturation of the stichidium proceeds from base to tip, and consists
of transformation of the pericentral cells or their progeny into sper
matangial mother cells, which divide to form a layer of spermatangia
at the surface of the stichidium.

The protoplasts of the spermatangia

are released as the male gametes— the spermatia.
the tip of a stichidium is shown in figure 1.

A cross section near

For comparison, a vege

tative cell is shown in figure 2.
Snermatangial mother cells;
The young spermatangial mother cell is relatively isodiametric
(figure 3).

There may be one or several small vacuoles, the cytoplasm

contains many free ribosomes, and rough endoplasmic reticulum may be
seen.

Mitochondria and dictyosomes are present, as well as a few

granules of floridean starch, while cnloroplasts are small and rela
tively undifferentiated (figure 4)*

Some chloroplasts contain lipid

like dense droplets and DNA regions as described by Yokomura ( 1 9 6 7 )

are frequently apparent.
(figure 5)*

Concentric lamellae are sometimes seen

The mother cell's single nucleus is about the same in

diameter as those of vegetative cells— approximately 3 Jun.

The inter-

phase nucleus generally contains one or two nucleoli, and nuclear pores
are more or less prominent.
Ultimately the mother cell divides along different axes to form
at least two spermatangia.

Prior to mitotic prophase, the cell elon

gates in the direction where it will divide (figures 6, 7), perinuc
lear endoplasmic reticulum and a perinuclear zone of ribosomal exclu
sion become prominent.

Mitosis is presumably rapid, and no mitotic

figures were observed during this study.

Following mitosis, furroi^ing

occurs (figure 8), and a small dense pit connection forms (figure 9)*
A second spermatangium is formed by a similar division on the other
side of the mother cell (figure 9)*
Spermatangia;
The spermatangia formed by division of the mother cell are ovate
in shape and smaller in size than the spermatangial mother cells (fig
ure 10).

Their cytoplasmic content resembles that of the mother cells,

with the following exceptions;

the vacuole is usually absent (although

sometimes vacuolar material is trapped during cytokinesis); the chloropl'asts are smaller and less developed, and the nucleus is usually distal
Microtubules may be seen near the nucleus.

Nuclear pores may be pro

minent in spermatangia (figure 11) and resemble those described by
Abelson and Smith (1970).
As the spermatangium matures, it enters a secretory phase
(figure 12).

The rough endoplasmic reticulum becomes well developed,

and the cisternae swell with a moderately electron-dense, reticular

10.
substance.

Coalescence of this material appears to form one or several

large basal vacuoles, which are easily distinguishable from the electron
lucent vacuoles of the mother cells and vegetative cells.
In the next phase of secretion (figure 13), the endoplasmic
reticulum becomes quiescent, and dictyosomes, with mitochondria at
their proximal faces, secrete "dark-cored" vesicles which are released
either at the plasmalemma, or to the vacuoles, which now assume a
fibrous appearence.
Ultimately (figure 14)» the vacuoles, which may have coalesced,
release their contents extracytoplasmically at the basal end of the
spermatangium.

Release of this material presumably helps to sever the

cell from its pit connection with the mother cell (figure 1 5 )» aa was
reported previously for Batrachospermum (Brown, 1 9 6 9 )*

The stichidial

wall ruptures, (figure 16) and the protoplast of the spermatangium is
released.

At this point the nuclear envelope appears intact, and the

dictyosomes may still be secreting vesicles which fuse with the plasma
membrane.
Snermatia:
Pew released spermatia were seen in the course of this inves
tigation.

The most obvious features of the released spermatia are

highly condensed chromatin, cytoplasmic microtubules, and an expanded
mucilage layer (figure 17)*

Nuclear pores are present, but the nuc

lear envelope may not be intact.

DASYA BAILLOUVIANA
The organization of the stichidium in D. baillouviana is
similar to that of P. nigrescens (figures 18, 19)*

Spermatangial mother cells:
Spermatangial mother cells of D. baillouviana (figures 19 - 22)
resemble those of P. nigrescens, with the following exceptions.

The

chloroplasts are not proplastid-like at any stage, but contain several
parallel thylakoids with phycobilin pigment granules (figure 21).

As

in vegetative cells of this species, the mother cell interphase nucleus
has prominent heterochromatic regions, as well as a nucleolus, and
floridean starch granules are more numerous than in spermatangial
mother cells of P. nigrescens.
Spermatangia of Dasya are formed in the same way as in P.
nigrescens.

That is, the mother cell elongates (figures 19, 20), and

constriction and pit plug deposition occur after mitosis.

Figure 22

shows microtubules at the pole of a mother cell nucleus prior to mito
sis.

Pits are smaller in this species and were seen rarely.

At least

two spermatangia are formed by each mother cell.
Spermatangia:
Several differences in the morphology of soermatangial develop
ment were observed in D. baillouviana.

Proplastid-like chloroplasts

were never observed in spermatangia or spermatia of this species.

Only

very rarely were chloroplasts seen in these cells, presumably so parti
tioned "accidently" during cytokinesis.
to those of mother cells in this species.

Such chloroplasts were similar
In the young spermatangium

(figure 23), the nucleus is apical and mitochondria are clustered be
neath it.

There appears to be some secretion by endoplasmic reticulum,

but never so extensive as in P. nigrescens.

In D. baillouviana, the

bulk of the secretory activity which produces the basal vacuole appears

to "be due to the dictyosomes which line up just basal to the subnuclear mitochondria.(figure 24).

As in P . nigrescens, the large

vacuoles tend to fuse (figure 2 9 ) and ultimately are released at the
plasmalemma (figure 30), before the escape of the spermatium from the
stichidial wall.

It could not be confirmed whether any direct release

from Golgi—derived small vesicles occurred, as was observed in the
late stages of spermatangia in P. nigrescens.
Other features observed in I). baillouviana spermatangia were
a sheath of microtubules immediately adjacent to the nuclear envelope
especially during the latter part of secretion (figures 2 5 , 26).
Ilicrotubules were also seen extending basally (figures 2 7 , 28).
Spermatia:
' The released spermatium was rarely observed.

Free ribosomes,

mitochondria, nuclear pores and endoplasmic reticulum were seen in
spermatia, as were dictyosomes and floridean starch (figure 31)*

DISCUSSION
The overall events of male gametogenesis, as observed here,
agree with those described for other red algal species both by electron
microscopists (Brown, 1969? Peyriere, 1971, 1974; Kugrens and West, 1972a;
Scott and Dixon, 1973b) and by light microscopists (Grubb, 1925; Fritsch,

1959 ).

Such events as elongation of the mother cell, division to pro

duce one or more spermatangia, secretion and ultimate release of large
vacuoles by spermatangia, and rupture of the spermatangial wall to re
lease a spermatium, surrounded only by its mucilage layer, were expected—
and did occur— in Dasya baillouviana and Pol.ysiphonia nigrescens.

The

literature also predicted a prophase-like nucleus at the time of release
of the spermatium.

In both species studied here, the chromatin conden

ses during maturation of the spermatangium, to reach a prophase— like
state (figures 16, 30), when the spermatangial vacuole has been excreted,
just before escape of the spermatium.
The nuclear envelope in released spermatia (figures 17, 3l)
contains prominent nuclear pores as was reported in Rhodomela by Peyriere,
(1974)*

Because fev; spermatia were seen in the present study, it is un

certain whether or not the spermatial nuclear envelope breaks down at
the time of release, as reported for Ptilota by Scott and Dixon, (1973b).
In some red algae (Batrachospermum, Nemalion), the spermatial nucleus
divides prior to fusion with the carpogonial nucleus (Fritsch, 1959),
and if intranuclear mitosis (Peyriere, 1971; Mo Donald, 1972) is the
rule in red algae, then the nuclear envelope in newly released spermatia
13.

14.
of such species should be intact*

In species where spermatial mitosis

does not occur, the nuclear envelope could presumably break down even
before escape of the spermatium*

The perinuclear microtubules seen so

prominently in spermatangia of D. baillouviana could also be associated
with the prophase condition, and were so interpreted in Rhodomela sper—
matia by Peyriere (1974).

The present study also shows cytoplasmic

microtubules in both species, near or after release of spermatia (fig
ures 17, 27, 28)*

Such microtubules could have a cytoskeletal function,

as the mucilaginous coat of the released spermatium is not rigid*
This study shows mother cells and spermatangia of P. nigrescens
to have proplastid-like chloroplasts.

Similar results were obtained

in a total of nine other species, by Brown (1969)1 Kugrens and West
(1972a), and Peyriere (1974).

On the other hand, spermatangial mother

cells of D. baillouviana exhibited differentiated chloroplasts.

These

were rarely transmitted to the spermatangia, and in fact proplastidlike chloroplasts were never seen in spermatangia of this species*
Peyriere (1971) showed a similar situation in Griffithsia*

Scott and

Dixon (1973b) reported that proplastids or chloroplasts were rarely
observed in spermatangia of Ptilota densa (belonging to the same family
as Griffithsia), and the mother cell shown in their pacer has differen
tiated chloroplasts.

Thus, paternal inheritance of chloroplasts may

be usual in some taxa and rare or absent in others.
The present results appear to confirm the suggestion made by
Kugrens and West, (1972a) and by Peyriere (1 9 7 4 ), that the basal vac
uole of spermatangia may be formed in different ways according to
species.

In D. baillouviana, the vacuoles appear to be chiefly of

dictyosomal origin, as in Furcellaria (Peyriere, 1974), and possibly

in Erythrocystis (Kugrens and West, 1972a).

Scott and Dixon (1973b)

propose a dictyosome-derived spermatangial vacuole for Ptilota.

In

P. nigrescens. the basal vacuoles appear to originate from the pro
ducts of rough endoplasmic reticulum in early spermatangial develop
ment.

In older spermatangia, dictyosomal vesicles with central dark

cores contribute to the vacuole, which now appears fibrous, as well as
to the mucilage sheath around the protoplast.
It is possible that in all red algal species, both endoplasmic
reticulum and dictyosomes contribute to
with relative proportions varying.

the spermatangial vacuole, but

The transformation ofvacuolar

contents from granular to fibrous, observed here in P. nigrescens and
by Kugrens and West (1972a) in Levringiella, could be a result of the
dictyosomal contribution.

In Ptilota, Scott and Dixon (1973b) showed

two kinds of vacuole, the earlier of which had a matrix resembling the
contents of swollen cisternae of endoplasmic reticulum, and the later
being derived from dictyosomes.

However, these authors interpret the

vacuoles as independently derived,rather than as a transformation

of

the earlier vacuole into the later one.
Stained histochemically, the spermatangial vacuoles are said to
contain complex polysaccharides, in contrast to the vacuoles of vege
tative cells, which are PAS-negative (Peyriere, 1971; Scott and Dixon,
1973b).

Functions ascribed to these secretions include osmotic rupture

of the spermatangial wall and release of the protoplast; protection of
the released spermatium, which lacks a cellulosic wall; and adhesion
to the trichogyne of the female gametophyte (Scott and Dixon, 1973b;
Brown, 19^9? Peyriere, 1971), as well as severing the pit connection
betvieen mother cell and escaping spermatium (Kugrens and West, 1972a).

Mitochondria in close association with dictyosomes have been
frequently observed in red algae (see Scott and Dixon, 1973a, for re
view), and is thought to represent the efficient coupling of an energy
consuming organelle with an energy producing one*

In D. baillouviana

the close association between mitochondria, dictyosomes, and the nu
clear envelope suggests a physiological relationship*

Peyriere ( 1 9 6 9 )

observed that in developing tetrasporangia of Griffithsia, dictyosomes
and their associated mitochondria moved from the cytoplasmic periphery
to the perinuclear region during a period of increased cell growth and
secretion.
Concentric lamellae have frequently been observed in red algal
cells (Wetherbee and Wynne, 1973if Kugrens and West, 1972a; Me Sride
and Cole, 1 9 6 9 ).

Functions attributed to these structures range from

enzyme transport, to removal of wastes, to stora,ge of excess membrane
(Rawlence and Taylor, 1972).

It is not known what function the con

centric lamellae perform in spermatangia, although Kugrens and West
(1972a) suggest they might contribute to the spermatangial vacuole.
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Figures 1 through 17 show P. nigrescens; figures 18 through 31 show
D. baillouviana.

18,

Figure Is Longitudinal section through male stichidium of P. nigrescens,
near tip* A oortion of one of the two differentiated apical
cells, with its large vacuole, is at the top of the figure.
10T0 X.

Figure 2: Transverse section through a vegetative cell of P. nigrescens,
showing one of its several nuclei, the large central vacuole,
and the peripheral layer of cytoplasm containing differentiated
chloroplasts, dictyosomes and mitochondria.
11000 X.

c

Figure 3 1 Young spermatangial mother cell with proplastid-like
chloroplasts, reduced vacuole, and other features typical of
undifferentiated cells. 31000 X.
Figure 4: Floridean starch granule, undifferentiated chloroplasts
of spermatangial mother cell. Xote DNA regions of chloroplasts
indicated by arrows. 4 6 000 X.
Figure

Concentric lamellae in a spermatangial mother cell.

61000 X.
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Figure 6: Spermatangial mother cell elongating prior to mitosis#
Spermatangium will be formed at right# Note prominence of
nuclear pores at polar region of nuclear envelope#
16100 X#
Figure 'Jt Nucleus of pre-mitotic spermatangial mother cell# Note
perinuclear endoplasmic reticulum, nuclear pores and zone of
exclusion at arrow. 34000 X.
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Figure 8 : Cytokinesis* This picture is somewhat unusual, as it
shows a portion of the mother c e l ^ s vacuole being "trapped”
in the sperma,tangium. Two nucleoli are visible in the sperma—
tangial mother cell* 11600 X.

it S p « S

Im

p

Figure 9* Spermatangial mother cell (lower right) with its two
daughter cells. Spermatangium at upper right is more mature
than the one at left. Note small size of pit connection.
8140 X.

igure 10: Very young spermatangium, containing a remnant of the
mother cell*s vacuole, many free ribosomes, floridean starch,
proplastids, and microtubules (arrows) near the nucleus.
32000 X.
igure 11: Prominent nuclear pores of a spermatangium. Note internal
structures of pores, with central dark body (arrow).
6^000 X.
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Figure 12: Spermatangium during first phase of secretion. The
spermatangial vacuole is being formed by coalescence of
material from the endoplasmic reticulum. Concentric lamellae
are also present.
30000 X.
Figure 13? Second phase of secretion. Dictyosomes appear iro be con
tributing lucent vesicles with dark cores to cell periphery
(short arrow) and to spermatangial vacuoles (long arrows).
Compare fibrillar aspect of vacuoles with figure 12. 31000 X.
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Figure 16: Spermatium pushing through rupturing stichidial wall
(at right). Note discontinuity of cuticle (outermost, electron
dense wall layer), condensed nature of chromatin.
30000 X.
Figure 17: Free spermatium. Note nuclear pores, cytoplasmic microtubules (arrow), and expanded mucilage layer. Nuclear envelope
appears to he incomplete.
30000 X.
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Figure 19: Longitudinal section of male stichidium of D. baillouviana.
Arrow indicates direction of stichidial axis* Spermatangial
mother cells (lox-jer left) are elongated prior to mitosis* Note
floridean starch, heterochromatin, in vegetative (axial) cells,
10500 X.
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Figure 20; Spermatangial mother cell prior to mitosis* Note absence
of chloroplasts in apical region of cell (upper right)*
15000 X*
Figure 21: Differentiated chloroplasts of spermatangial mother cell*
Dense lipid body is present (center, top). 74000 X.
Figure 22: Microtubules at pole of pre—mitotic spermatangial mother
cell.
52000 X.
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Figure 231 Young spermatangium. Mitochondria are "basal to nucleus#
There is a slight proliferation of endoplasmic reticulum*
27400 X.
Figure 24: Submitcchondrial dictyosomes secreting material for
spermatangial vacuole# 28000 X#

Figure 25: Perinuclear microtubules in a mature spermatangium.
53000 X.
Figure 26: Grazing section of nucleus showing longitudinal view of
perinuclear microtuhules. Nuclear pores are visible.
53000 X.
Figure 27:

Cytoplasmic microtuhules in a spermatangium.

Figure 28:

Cytoplasmic microtuhules and polyribosomes.

39000 X#
39000 X*
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